T he performance of diagnostic tests in medicine can vary among subgroups of patients according to the severity and clinical presentation of the disease. Because of the pioneering work of Ransohoff and Feinstein 1 more than 20 years ago, it became clear that a single value of sensitivity or specificity, two commonly used diagnostic measures, may not be applicable to all subgroups of patients with the disease.
Diagnostic tests tend to be more sensitive in advanced stages of the disease, and measures of diagnostic accuracy obtained from studies that include only patients with moderate or severe disease may not be applicable to patients in the early stage or suspected of having the disease. 2, 3 Therefore, a study evaluating a diagnostic test should include a broad spectrum of patients with the disease so that the performance of the test can be evaluated at different stages of severity, providing valid estimates of accuracy that can be generalized to other populations of patients. 4, 5 Moreover, it is possible that the comparison of the diagnostic abilities of different tests is influenced by the severity of the disease. For example, it is possible that a particular test is more sensitive at early stages of the disease, whereas another test may be more sensitive at moderate or advanced stages. Therefore, it is important to characterize the relationship between the performance of the diagnostic tests and the severity of disease and to evaluate how this relationship affects the comparison between different tests.
Recently, several imaging tests have become available for structural evaluation of the optic disc and retinal nerve fiber layer in glaucoma and to assist in the diagnosis of the disease. Confocal scanning laser ophthalmoscopy (Heidelberg Retina Tomograph II [HRT II]; Heidelberg Engineering, GmbH, Dossenheim, Germany), scanning laser polarimetry (GDx Variable Corneal and Lens Compensator [VCC] ; Carl-Zeiss Meditec, Dublin, CA), and optical coherence tomography (Stratus OCT; Carl-Zeiss Meditec, Inc., Dublin, CA) are three technologies that use different properties of the light to obtain their measurements. 6, 7 Although previous studies have evaluated the diagnostic abilities of these instruments, no investigation has yet been performed on the possible influence of disease severity as a variable influencing the performance of these tests and the comparison among them.
Another covariate that can potentially affect the diagnostic performance of imaging tests in glaucoma is the size of the optic disc. Previous histologic and clinical studies have shown that RNFL thickness and optic disc topographic measurements may be affected by optic disc size. 8 -10 It is possible, therefore, that the diagnostic accuracy of imaging tests would vary depending on the size of the optic disc. When evaluating the influence of optic disc size, it is important to adjust for the confounding effect of disease severity. It is likely that the influence of optic disc size would be greater at early stages of the disease, as the amount of neural loss in advanced cases would facilitate disease detection, regardless of the size of the optic disc.
In the present study, we evaluated the influence of disease severity and optic disc size on the diagnostic accuracy of the three mentioned imaging technologies for structural assessment in glaucoma. To accomplish this, we used statistical models that allowed simultaneous evaluation of the effect of these covariates on the comparisons among the three instruments.
METHODS
This was an observational case-control study. Patients from this study were included in a prospective longitudinal study designed to evaluate optic nerve structure and visual function in glaucoma (DIGS; Diagnostic Innovations in Glaucoma Study) conducted at the Hamilton Glaucoma Center (University of California, San Diego). Informed consent was obtained from all participants. The University of California San Diego Human Subjects Committee approved all protocols and the methods described adhered to the tenets of the Declaration of Helsinki.
Each subject underwent a comprehensive ophthalmologic examination including review of medical history, best corrected visual acuity, slit lamp biomicroscopy, intraocular pressure (IOP) measurement using Goldmann applanation tonometry, gonioscopy, dilated funduscopic examination with a 78-D lens, stereoscopic optic disc photography, and automated perimetry with the 24-2 Swedish Interactive Threshold Algorithm (SITA; Carl Zeiss Meditec, Inc.). To be included, subjects had to have best corrected visual acuity of 20/40 or better, spherical refraction within Ϯ 5.0 D, cylinder correction within Ϯ 3.0 D, and open angles on gonioscopy. Eyes with coexisting retinal disease, uveitis, or nonglaucomatous optic neuropathy were also excluded from the investigation.
Eyes were classified as glaucomatous if they had repeatable (at least two consecutive) abnormal visual field test results, defined as a pattern standard deviation (PSD) outside the 95% normal confidence limits and/or a Glaucoma Hemifield Test result outside normal limits, regardless of the appearance of the optic disc. Eyes were also classified as glaucomatous if they had documented evidence of progressive glaucomatous change in the appearance of the optic disc as assessed by simultaneous stereoscopic optic disc photographs (TRC-SS; Topcon Instrument Corp. of America, Paramus, NJ), regardless of visual field test results. The evidence of progressive glaucomatous damage had to be present before the imaging test date. The use of this composite reference standard for glaucoma diagnosis allowed us to evaluate the accuracy of diagnostic tests in a broad spectrum of patients with the disease-as patients with visual field loss and patients with normal visual fields, but confirmed progressive glaucomatous optic nerve damage, were included.
For evaluation of progressive optic disc damage, stereoscopic sets of slides were examined with a stereoscopic viewer (Pentax; Asahi Optical Co., Tokyo, Japan). The photographs were evaluated by two experienced graders, each of whom was masked to the subject's identity and to the other test results. For inclusion, photographs had to be graded as being of adequate quality or better. To identify a subgroup of patients with progressive glaucomatous optic disc change for this study, our research database was reviewed for all patients who had been imaged using the three instruments and who had been observed for at least 1 year before the imaging test date. A total of 284 patients had stereophotographs graded for progression. For each patient, the most recent stereophotograph was compared to the oldest available one, to maximize the chance of detecting progressive optic disc change. Each observer was masked to the temporal sequence of the photographs. Definition of change was based on focal or diffuse thinning of the neuroretinal rim, increased excavation, or enlargement of RNFL defects. Changes in rim color, presence of disc hemorrhage or progressive parapapillary atrophy were not sufficient for characterization of progression. Discrepancies between the two graders were either resolved by consensus or by adjudication of a third experienced grader. Initial agreement between graders was obtained in 83% of the cases.
Visual field results were not used as a criterion for inclusion in the study in the population with progressive optic disc change. However, results of the visual field test closest to the imaging date were analyzed as part of the study results in all patients. The AGIS (Advanced Glaucoma Intervention Study) score, described in detail elsewhere, 11 was used to evaluate the severity of visual field loss. It is based on the extent of depression at different locations of the visual field test in the total deviation plot and can range from 0 (no field loss) to 20 (end stage). A computer program was developed in commercial software (MatLab ver.7.0; The MathWorks, Inc., Natick, MA) to allow automatic calculation of the AGIS score from data exported from the Humphrey perimeter (Carl Zeiss Meditec, Inc.).
Normal control eyes had intraocular pressures of 21 mm Hg or less with no history of increased IOP, and a normal visual field result. A normal visual field was defined as a mean deviation (MD) and PSD within 95% confidence limits, and GHT results within normal limits. Normal control eyes also had a healthy appearance of the optic disc and RNFL (no diffuse or focal rim thinning, optic disc hemorrhage, or RNFL defects), as evaluated by clinical examination.
All patients had visual field and imaging tests within 6 months. When both eyes of the same patient fulfilled inclusion criteria, one eye was randomly selected for inclusion in the analysis.
Imaging Instruments
GDx VCC Scanning Laser Polarimeter. All patients were imaged with a commercially available scanning laser polarimeter with variable corneal compensation (GDx VCC, software ver. 5.5.1; Carl Zeiss Meditec). The general principles of scanning laser polarimetry and the algorithm used for variable corneal compensation have been described in detail elsewhere. [12] [13] [14] Assessment of GDx VCC image quality was performed by an experienced examiner masked to the subject's identity and results of the other tests. The assessment was based on the appearance of the reflectance image, the presence of residual anterior segment retardation, and the presence of an atypical pattern of retardation. To be classified as good quality, an image had to have focused and evenly illuminated reflectance with a centered optic disc. To be acceptable, the mean image also had to have residual anterior segment retardation of 15 nm or less and a typical scan score more than 25. The typical scan score is a measure provided by the GDx VCC standard software that indicates the presence of atypical patterns of retardation that can generate spurious RNFL thickness measurements.
GDx VCC parameters provided in the standard printout of the instrument and investigated in this study were superior average, inferior average, TSNIT (temporal-superior-nasal-inferior-temporal) average, TSNIT SD and the nerve fiber indicator (NFI). The NFI is calculated using a support vector machine algorithm based on several RNFL measures and assigns a number from 0 to 100 to each eye. The higher the NFI, the greater the likelihood the patient has glaucoma.
HRT II Confocal Scanning Laser Ophthalmoscope. The HRT II (software ver. 1.4.1.5; Heidelberg Engineering GmbH) uses confocal scanning laser principles to obtain a three-dimensional topographic image of the optic nerve. Its principles of working have been described in detail elsewhere. 15 For each patient, three topographical images were obtained and were combined and automatically aligned to make a single mean topography used for analysis. Magnification errors were corrected using patients' corneal curvature measurements. An experienced examiner outlined the optic disc margin on the mean topographic image while viewing stereoscopic photographs of the optic disc. Good-quality images had to have a focused reflectance image with an SD not greater than 50 m.
For investigation of the diagnostic performance of the HRT II, the present study used the results provided by the Moorfields regression analysis (MRA). The MRA is a comparison of the subject's rim area with a predicted rim area for a given disc area and age, based on confidence
IOVS,
March 2006, Vol. 47, No. 3
Influence of Disease Severity and Disc Size on Imaging in Glaucoma 1009
limits of a regression analysis derived from 112 normal eyes of white subjects. 16 Each sector is classified as normal if the measurement falls within 95% confidence interval (CI), borderline if the measurement falls between the 95% and 99.9% CI and outside normal limits if the measurement falls below the 99.9% CI. The MRA also provides results for the global rim area (MRA global), as well as a final classification (MRA classification). A normal MRA classification requires the MRA analysis of all sectors and the global rim area to be within normal limits. A borderline MRA classification occurs when at least one of the sectors or the global rim area is borderline, and an outside-normal-limits result occurs when test results of at least one sector or the global rim area are outside normal limits.
The HRT II also provides measurements of optic disc area, which were used in the present study to evaluate the influence of optic disc size on the diagnostic performance of the instruments.
Stratus OCT. The commercially available optical coherence tomograph, Stratus OCT (software version 4.0; Carl Zeiss Meditec, Inc.), was used to assess parapapillary RNFL thickness measurements. Optical coherence tomography employs the principles of low coherence interferometry and is analogous to ultrasound B-mode imaging, but utilizes light instead of sound to acquire high-resolution images of ocular structures. 17 More detail of its principles of operation can be found in several publications. 6, 7, 17 The fast RNFL algorithm was used to obtain RNFL thickness measurements with the Stratus OCT. Three images were acquired from each subject, with each image consisting of 256 A-scans along a 3.4-mm-diameter circular ring around the optic disc. A mean image was automatically created by the Stratus OCT software. Quality assessment of Stratus OCT scans was evaluated by an experienced examiner masked to the subject's identity and to the results of the other tests. Good-quality scans had to have a centered circular ring around the optic disc, an adequate signal strength (Ն6) and no sign of failure of the algorithm for detection of the RNFL boundaries.
Parapapillary RNFL thickness parameters evaluated in this study were average (360°measure), temporal quadrant (316 -45°), superior quadrant (46 -135°), nasal quadrant (136 -225°), and inferior quadrant (226°-315°).
Statistical Analysis
Descriptive statistics included mean and SD for normally distributed variables, and median, first-quartile and third-quartile values for nonnormally distributed variables. Student's t-tests or Mann-Whitney tests were used to evaluate demographic and clinical differences between glaucomatous and normal subjects. For categorical variables, 2 tests or Fisher exact tests were used.
To evaluate the influence of severity of glaucoma on the diagnostic accuracy of the imaging instruments, the sensitivities of the tests were fitted as a function of the AGIS score with a logistic marginal regression modeling approach, as proposed by Leisenring et al. 18 and others, 19, 20 Logistic models have long been used to evaluate influence of covariates on diagnostic tests. 21 Previous methods, however, were limited by the fact that they could not accommodate correlated data-that is, it was not possible to compare directly the effect of covariates on several tests performed on the same group of patients. In contrast, the methodology proposed by Leisenring et al. 18 allows the comparison of the sensitivities of different tests performed in the same group of patients, adjusting for the severity of disease. Inference regarding model parameters is easily implemented with the use of generalized estimating equations to take into account the correlations between observations. These models also allow the evaluation of other covariates potentially affecting diagnostic performance, such as the area of the optic disc. For inclusion in the logistic model, the diagnostic tests have to be dichotomized so that their sensitivities can be compared at the same level of specificity. The result is a binary variable for sensitivity that is 1 or 0, according to the result of the diagnostic test (i.e., above or below the cutoff) in each one of the glaucomatous subjects. This binary variable for sensitivity is entered as the dependent variable in the logistic regression model, whereas the covariates (i.e., test type, disease severity, and optic disc size) are entered as independent categorical or continuous variables. As sensitivity is the parameter being studied, only the information from glaucomatous subjects is included in the model, although normal subjects are used to obtain cutoffs according to the specificity level.
The general form for the logistic regression model is
where S is the sensitivity, X is the covariate, and ␤ is the coefficient of the model. The sensitivity can then be calculated by
By making one of the covariates, let's say X 1 , a dummy variable indicating test type, the sensitivities of each test can be calculated separately. In the present study, interactions terms were also included in the logistic regression model to evaluate whether the degree of severity of visual field loss or the size of the optic disc influenced the sensitivities of each of the tests in a similar or different fashion. P Ͻ 0.05 was considered statistically significant. Statistical analyses were performed on computer (SPSS ver.13.0; SPSS Inc., Chicago, IL; and S-PLUS ver. 6.0; Mathsoft Inc., Seattle, WA).
RESULTS
The study included 105 patients with glaucoma and 61 normal subjects. Table 1 shows demographic and clinical characteristics of the subjects included in the study. Of the 105 patients with glaucoma, 84 (80%) had visual field loss in the visual field test closest to the imaging date, whereas 21 (20%) patients had The average AGIS score of the 105 patients with glaucoma was 3.04 (median, 1.00; first quartile, 0; third quartile, 4.50). Figure 1 shows the distribution of AGIS scores in the patients with glaucoma included in the study.
To estimate levels of sensitivity and specificity for the HRT II MRA parameters, borderline MRA results were included as outside normal limits. This approach resulted in moderate sensitivities and specificities for the best MRA parameter, MRA classification (Table 2) . Although some of the other MRA parameters had higher specificities, their sensitivities were much lower. Based on the specificity of 83% found for the MRA classification, the parameters of the GDx VCC and Stratus OCT were dichotomized to match this specificity as closely as possible so that the tests could be compared at the same level of specificity in the control group. Indeed, the specificities of these three parameters were matched at exactly the same value of 83%. Table 2 shows sensitivities for fixed specificities for the parameters evaluated in the study, regardless of disease severity. For each imaging instrument, the parameter with highest sensitivity was selected for inclusion in the logistic regression model: Average Thickness for the Stratus OCT, NFI for the GDx VCC, and MRA classification for the HRT II. The logistic model of sensitivity, incorporating AGIS score and optic disc size as independent variables, had the following form:
where S is to the sensitivity of the test (at fixed specificity), GDx and HRT are variables coding for the type of test (with Stratus OCT used as the reference test), AGIS represents the AGIS scores for severity of visual field defect, Disc represents the optic disc area, and the variables AGIS ϫ GDx, AGIS ϫ HRT, Disc ϫ GDx, and Disc ϫ HRT represent interactions between severity of disease or optic disc area and type of test.
The estimates of the coefficients of the regression model are shown in Table 3 . The severity of visual field loss had a significant influence on the sensitivity of the imaging instruments, as indicated by the statistically significant coefficient representing the AGIS score (P ϭ 0.036). This influence was similar among the three instruments-that is, the increase in sensitivity with increasing severity of visual field loss occurred in a similar way for all three instruments, as indicated by the nonsignificant coefficients for the interaction terms AGIS ϫ GDx (P ϭ 0.769) and AGIS ϫ HRT (P ϭ 0.156). Table 4 shows a simplified regression model after exclusion of the interaction terms between disease severity and type of test.
With regard to optic disc area, larger optic discs were associated with decreasing sensitivity for the Stratus OCT parameter average thickness, as observed by the negative and significant value of the coefficient (␤ 6 ) representing optic disc area (Table 4 , Fig. 2) . A similar effect was also observed for the GDx VCC parameter NFI. Larger optic discs were associated with decreasing sensitivity, whereas small optic discs were associated with increasing sensitivity (Fig. 3) . The magnitude of this effect was smaller than with the Stratus OCT parameter average thickness, although not significantly different, as evident by the lack of statistical significance of the coefficient (␤ 7 ) representing the interaction term Disc ϫ GDx in the multivariate model (P ϭ 0.303). For the HRT II parameter MRA classification, an inverse effect was observed. Larger optic discs were associated with increasing sensitivity, whereas smaller optic discs were associated with decreasing sensitivity (Fig. 4) . This result is indicated by the positivity and statistical significance of the interaction term Disc ϫ HRT in the logistic regression model (P ϭ 0.015). Note that, because Stratus OCT was used as the reference test, the evaluation of the effect of optic disc area on GDx VCC or HRT II required that the coefficients of the interaction terms involving these tests be added to the coefficient representing the main effect of this covariate. Therefore, the final effect of disc area on GDx VCC is represented by the sum of the coefficients ␤ 6 and ␤ 7 , whereas the effect of disc area on the HRT II is represented by the sum of the coefficients ␤ 6 and ␤ 8 . In contrast, for the Stratus OCT, the effect of optic disc area on this test is represented only by the coefficient ␤ 6 . Table 5 shows sensitivities for different AGIS scores and different optic disc sizes with all three imaging instruments. For smaller optic discs, the sensitivities of the Stratus OCT parameter average thickness and the GDx VCC parameter NFI were higher than that of the HRT II parameter MRA classifica- 
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tion. However, for larger optic discs, the relationship between sensitivities of the different instruments changed. The sensitivity of the HRT II MRA classification tended to be similar to that of the GDx VCC NFI and higher than that of the Stratus OCT parameter average thickness.
DISCUSSION
In the present study, we demonstrated that the severity of visual field loss and size of the optic disc had significant influence on the performance of three imaging devices used for glaucoma diagnosis-the GDx VCC scanning laser polarimeter, the HRT II confocal scanning laser ophthalmoscope, and the Stratus OCT. Our results showed the importance of taking into account these variables when evaluating and comparing the performances of these instruments. They could also, at least partially, explain previous disagreements found among these technologies when used for glaucoma detection. 6, 22, 23 The severity of visual field loss, as measured by the AGIS score, had a significant influence on the sensitivity of all the three evaluated imaging devices. The increase in sensitivity with increasing severity of visual field loss occurred in a similar manner for the GDx VCC, the HRT II, and the Stratus OCT parameters. The inclusion of patients with glaucoma without visual field loss along with patients with early, moderate, and advanced visual field defects allowed us to evaluate the performance of these tests in a broad spectrum of patients with the disease. It should be emphasized that the diagnosis of glaucoma in patients without visual field loss was performed based on documented evidence of progressive optic disc damage on stereophotographs and, therefore, was more robust than a diagnosis of glaucomatous optic neuropathy based on an optic disc examination at a single time point, as used in other studies. This approach was originally proposed by Medeiros et al. 24 for evaluation of diagnostic tests in glaucoma. In the absence of visual field loss, a diagnosis of certainty of glaucoma usually requires demonstrating a previous history of progressive glaucomatous changes to the optic nerve. It should be noted, however, that this inclusion criterion is still limited in its ability to identify glaucoma. It is possible that patients with glaucomatous damage to the optic nerve but no visual field loss were not included in the study simply because they did not progress during the follow-up period covered by stereophotographs. This would limit the inclusion of patients with early disease who did not show progressive disc damage. However, this is a current limitation of all diagnostic studies in glaucoma, as no perfect reference standard exists for this disease.
Previous studies have also evaluated the influence of optic disc size on the diagnostic accuracy of imaging instruments in glaucoma. [25] [26] [27] [28] Most of these studies have divided their patient populations in subgroups according to the size of the optic disc and compared measures of diagnostic accuracy between the different subgroups. This approach, however, can lead to an important loss of power to detect significant differences. 29 Another important limitation of most of the previous studies is the lack of adjustment for the severity of disease when comparing diagnostic measures in subgroups of patients with different optic disc sizes. It is likely that variables influencing the diagnostic performance of imaging tests would have more influence in early stages of the disease than in advanced ones. In patients with advanced glaucoma, the large amount of neural loss would presumably allow detection of abnormality, regardless of optic disc size. Moreover, it is possible that subgroups of patients divided arbitrarily on the basis of optic The variable optic disc area was centered on its mean value. Stratus OCT was used as the reference test. disc size would present different stages of disease severity, introducing a confounding factor into the comparison. In the present study, we used statistical models to analyze the effect of severity of disease and optic disc size on the diagnostic tests. This approach is more powerful than the analysis of stratified subgroups, which would be more susceptible to variability due to the small number of subjects in each subgroup.
We demonstrated that the size of the optic disc had a significant influence on the sensitivity for glaucoma diagnosis of all three imaging devices. This influence, however, occurred in different ways for the GDx VCC and Stratus OCT than for the HRT II. For the HRT II, larger optic discs were associated with increased sensitivity for glaucoma detection using the Moorfields regression analysis, whereas smaller discs were associated with decreased sensitivity. In contrast, for the GDx VCC parameter NFI and Stratus OCT parameter average thickness, larger optic discs were associated with decreased sensitivity for glaucoma detection, whereas smaller discs were associated with increased sensitivity. As expected, this effect was more pronounced in the early and moderate stages of the disease compared with the advanced stages, as illustrated by the Figures 2, 3 , and 4. In these graphs, it was clear that the relationship between sensitivity of the test and optic disc size was steeper in the areas of lower values of the AGIS score, compared with areas with higher scores and more advanced disease. The results presented in Table 5 clearly show the importance of taking into account the size of the optic disc when comparing the diagnostic performance of these instruments for glaucoma detection. Furthermore, the estimates of sensitivity in patients with AGIS score equal to zero provide an indication and comparison of the performance of these instruments in the detection of glaucomatous damage before apparent visual field loss on standard automated perimetry, a finding that has not been reported before.
Previous studies have found similar results regarding the relationship between optic disc size and the diagnostic accuracy of HRT parameters. 25, 27, 28, 30 In early glaucomatous dam-FIGURE 2. Relationship between sensitivities for the Stratus OCT parameter average thickness and optic disc area, according to the level of visual field damage measured by the AGIS score. Sensitivity for glaucoma detection decreased with increasing optic disc area, and the effect was more pronounced at the early stages of the disease (lower AGIS scores).
FIGURE 3.
Relationship between sensitivity for the GDx VCC parameter nerve fiber indicator and optic disc area, according to the level of visual field damage measured by the AGIS score. Sensitivity for glaucoma detection decreased with increasing optic disc area, and the effect was more pronounced at the early stages of the disease (lower AGIS scores).
FIGURE 4.
Relationship between sensitivities for the HRT II Moorfields regression analysis classification and optic disc area, according to the level of visual field damage measured by the AGIS score. Sensitivity for glaucoma detection decreased with decreasing optic disc area, and this effect was more pronounced at the early stages of the disease (lower AGIS scores). age, the loss of neuroretinal rim in a small disc is presumably more difficult to detect than in a larger disc, as the former would still present a proportion between rim and cup similar to that of a normal disc. Although the Moorfields regression analysis was developed to take into account the size of the optic disc when evaluating rim area, our results suggest that this parameter is still influenced by the size of the optic disc. Ford et al. 28 found similar results when studying 104 patients with glaucoma and 48 normal subjects stratified in three groups according to the optic disc size. In their study, higher sensitivities of the Moorfields regression analysis parameters were found in patients with larger discs than in those with smaller discs.
Previous studies demonstrated a positive correlation between the size of the optic disc and RNFL thickness measurements obtained by OCT. 31, 32 In those studies, subjects with larger discs were found to have higher RNFL thickness measurements, whereas individuals with smaller discs had lower measurements. This correlation is supported by histologic studies demonstrating that larger optic discs show a larger number of nerve fibers. 8 These findings could explain the decrease in sensitivity of the Stratus OCT for glaucoma detection in patients with large discs, as patients with early glaucomatous damage and large optic discs would still present thicknesses considered within normal limits. A similar reasoning could be applicable to the GDx VCC. However, the reasons for the decrease in performance of the GDx VCC and Stratus OCT for glaucoma detection in patients with large discs remain speculative, and further research is necessary to evaluate this question.
To estimate levels of specificity and sensitivity for the parameters included in the study, we first analyzed the results of the HRT II MRA analysis. Because the results of the MRA analysis are categorical, only two levels of specificity are possible for this parameter, one after dichotomizing the test by including borderline results as outside normal limits and the other by including borderline results as within normal limits. As the first approach generates higher levels of sensitivity, we have opted to use it when comparing sensitivities of the different tests in the present study. Although the second approach resulted in higher levels of specificity (Ն95%), the sensitivities were low, ranging from 3% to 53% for the different MRA parameters. When we reanalyzed the data using specificity close to 95% for the parameters of GDx VCC, HRT II, and Stratus OCT, we found similar results in terms of the relationship between optic disc size and disease severity on the sensitivity of the tests, as those obtained using specificity close to 80%.
The parameters from HRT II, GDx VCC, and Stratus OCT included in the regression model were also the ones that demonstrated best diagnostic performance in other studies evaluating these instruments. 6, 24, 33, 34 It should be noted that differences on how these parameters are calculated could also be related to some of the differences among the instruments found in our study. For example the HRT II MRA takes into account disc size in its analysis, whereas GDx VCC and Stratus OCT analyses do not. Also, the GDx VCC NFI is calculated from several measures of RNFL thickness, including not only those obtained in the circle of fixed diameter around the optic disc, but also measurements performed far from the disc, which could be less influenced by the size of the optic disc. This could explain, at least partially, the relatively smaller effect of optic disc size on the diagnostic accuracy of this instrument compared with the Stratus OCT, as OCT RNFL thickness measurements are acquired only in the circle of fixed diameter around the optic disc.
In the present study, we used only RNFL parameters to evaluate the performance of the Stratus OCT. However, this instrument provides optic nerve head topographic parameters and macular thickness parameters that have been demonstrated to be useful in glaucoma. [35] [36] [37] Although a more comprehensive evaluation of this instrument would also include the above-mentioned scanning areas, previous studies comparing the several Stratus OCT analysis algorithms have demonstrated that the RNFL measures perform as well as the optic nerve head parameters and significantly better than macular thickness parameters. [35] [36] [37] In conclusion, the diagnostic performances of the GDx VCC, HRT II, and Stratus OCT were demonstrated to be significantly influenced by the severity of the disease and the size of the optic disc. These covariates should be taken into account when comparing the performances of these tests for glaucoma diagnosis.
